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RESEARCH MEMORANDUM
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FREE-SPINNING-TUNNEL INVESTIGATION OF A 1/20-SCALE

MODEL OF THE DOUGLAS A4D-1 AIRPLANE

TED NO. NACA DE 389

By Walter J. Klinar, Stanley H. Scher,
and Frederick M. Healy

SUMMARY

Spin and recovery characteristics have been determined for a
l/20—scale dynamic model of the Douglas AWD-1 attack airplane by means
of tests in the Langley 20-foot free-spinning tumnel. Erect spins and
recoveries were investigated with the model in the clean condition and
for loading conditions which include a center external store with and
without two external wing fuel tanks installed. The effects of changing
horizontal-tail incidence, opening dive brakes, extending slats, or
moving the center of grav1ty forward 10 percent of the mean aerodynamic
chord were also determined. The inverted spin and recovery characteris-
tics were investigated and tests were included to determine the size of
spin-recovery tail parachute which would provide satisfactory spin
recovery in the event of an emergency during spin-demonstration flights,

The model tests showed that the control manipulation most conducive
to recoveries from spins will be simultaneous full rudder reversal to
full against the spin and aileron movement to full with the spin (stick
full right in a right erect spin). However, aileron movement to full
with the spin should not be required for all loading conditions of the
airplane, and, therefore, for some conditions it is desirable not to
move the allerons with the spin to avoid any possibility of entering a
roll after spin termination. The results of the model tests indicate
that for the loading conditions of the Douglas ALD-1 airplane with exter-
nal stores not installed, satisfactory recoveries should be obtained by
aileron neutralization and rudder reversal to full against the spin fol-
lowed shortly thereafter by forward movement of the stick. If deliberate
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spins must be entered with the external stores installed, the horizontal-
tail incidence should be set at 12° leading edge down, the slats should
be locked in the extended position, if possible, and recovery should be
attempted by reversing the rudder to full against the spin and simul-
taneously moving the ailerons to full with the spin. Aileron-against
settings should be avoided, inasmuch as they will have an adverse effect
on recoveries. Opening dive brakes should have no appreciable effects

on spins and recoveries. Recoveries from inverted spins should be accom-
plished satisfactorily by neutralization of all controls. A T.5-foot-
diameter (laid-out-flat) flat-type tail parachute with a drag coefficient
of 0.7 attached to a 30-foot towline should be adequate as an emergency
spin-recovery device.

INTRODUCT ION

At the request of the Bureau of Aeronautics, Department of the Navy,
an investigation has been made of a 1/20-scale model of the Douglas A4D-1
airplane in the Langley 20-foot free-spinning tunnel. The A4D-1 airplane
is a jet-propelled, low swept-wing, single-seat attack girplane.

Frect- and inverted-spin and recovery characteristics of the A4D-1
model in the clean condition were determined for the normal gross-weight
loading with the center external store removed and with the horizontal
tail set at 4O leading edge up. For this loading condition, the effects
on erect spins and recoveries of extending dive brakes, extending slats,
or moving the center of gravity forward 10 percent of the mean aero-
dynamic chord were determined. In addition, the effects on erect spins
and recoveries of adding the 1,050-pound center store below the fuselage
and the effects of adding the center store plus fuel tanks below the wing
were studied for both the slat-retracted and slat-extended conditions,
The effects of setting the horizontal tail at 12° leading edge down were
investigated for the loading with the center external store installed.
The size of spin-recovery tail parachute necessary to insure satisfactory
spin recovery during an emergency in spin-demonstration flights of the
airplane was also determined,

An appendix is included which presents a general description of the
model testing technique, the precision with which model test results and
mass characteristics are determined, variations of model mass character-
istics occurring during the tests, and a general comparison between model

and airplane results.
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SYMBOLS

wing span, £t
mean aerodynamic chord, ft

ratio of distance of center of gravity rearward of
leading edge of mean aerodynamic chord to mean

aerodynamic chord

ratio of distance between center of gravity and fuselage

reference line to mean aerodynamic chord (positive
when center of gravity 1s below line)

mass of airplane, slugs

moments of inertia about X, Y, and Z body axes,
respectively, slug-ft2

inertia yawing-moment parameter

inertia rolling-moment parameter

inertia pitching-moment parameter

air density, slugs/cu ft

relative density of airplane, m/pSb

angle between fuselage reference line and vertical
(approximately equal to absolute value of angle of
attack at plane of symmetry), deg

angle between span axis and horizontal, deg

full-scale true rate of descent, ft/sec

full-scale angular velocity about spin axis, rps
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MODEL

The 1/20-scale model of the Douglas AlD-1 airplane was furnished by
the Bureau of Aeronautics, Department of the Navy, and was prepared for
testing by the Langley Aeronautical Laboratory of the National Advisory
Committee for Aeronautics. A three-view drawing of the model as tested
is shown in figure 1.

The size, shape, and position of the center external store as tested
on the model are shown in figure 2, and the size, shape, and positions of
the external fuel tanks are shown in figure 3., TInasmuch as the exact
dimensions of the center store were not available, the shape was arrived
at on the basis of the mass data and of a sketch shown on a general-
arrangement drawing of the airplane. It is felt that the store used is
fairly close to the actual store shape. The dimensional characteristics
of the airplane are presented in table 1. Photographs of the model are
shown in figures 4 and 5.

The model was ballasted to obtain dynamic similarity to the airplane
at an altitude of 15,000 feet (p = 0.001496 slug/cu ft). A remote-control
mechanism was installed in the model to actuate the controls for the
recovery attempts. Sufficient torque was exerted on the controls for the
recovery attempts to reverse them fully and rapidly.

The normal maximum control deflections used on the model during the
test (measured perpendicular to the hinge lines) were:

Rudder, €8 « o o o 2 o o « o o s o o o o o s s o o 25 right, 25 left
Elevator, deg (with respect to horizontal tail) . . 25 up, 15 down
Allerons, de€ « o o o o « o o o o o o o o o o o o @ 20 up, 20 down

The extremes in horizontal tail incidence used on the model were 4O lead-
ing edge up and 12° leading edge down. All tests were made with slats
retracted, except as indicated.

RESULTS AND DISCUSSION

The results of the model tests are presented in charts 1 to 8 and
in table II. Spins to the pilot's right and left were similar, and the
data are arbitrarily presented in terms of right spins. Model loading
conditions investigated, as indicated on the charts and in table II, are
listed in table III along with airplane loading conditions.
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Erect Spins; No External Stores; Horizontal-Tail
Incidence, 4° Leading Edge Up

Clean condition.- Chart 1 presents the results of erect-spin and
recovery tests made with the model in the clean condition at the normal
gross-welght loading with the center external store not installed
(loading 1 in table IITI). The aileron-neutral spins were steep with a
whipping motion, the aileron-against spins were oscillatory primarily in
roll and yaw, and the aileron-with spins were very steep. In addition
to the spin, a no-spin condition was also obtained for most of the control
settings tested. The model recovered rapidly by rudder reversal from all
spins obtained. The results indicate that for this loading the recovery
characteristics of the airplane by use of the normal control manipulation
for recovery (full rudder reversal followed approximately one-half turn
later by forward movement of the stick) should be satisfactory.

Dive brakes or slats extended.- Erect-spin and recovery test results
obtained with dive brakes extended or with slats extended are presented
in charts 2 and 3, respectively. These tests were conducted for the nor-
mal gross-weight loading with center external store removed (loading 1
in table III). The results show no appreciable differences from the

results obtained for the clean condition.

Mass variations.- The results of the tests of the model with the
center of gravity moved forward 10 percent of the mean aerodynamic chord
from normal (loading 2 in table III) are presented in chart 4. Compari-
son of the data presented in chart 4 with that presented in chart 1 indi-
cates that moving the center of gravity forward had a somewhat adverse
effect. This is evidenced by the lack of no-spin conditions with the
center of gravity moved forward (chart 4) and also by the fact that for-
ward movement of the center of gravity caused poorer recoveries by rudder
reversal alone from the aileron-full-against spins. When the ailerons
were moved from full against to full with the spin as the rudder was
reversed, however, recoveries from the aileron-against spins were rapid,
the ensuing motion after termination of the spin being an aileron roll,

- Although not specifically tested for this loadlng, analysis indicates
that movement of the ailerons to only neutral in conjunction with rudder
reversal and subsequent forward movement of the stick should lead to
satisfactory recoveries from spins entered by the airplane with the ailer-
ons full against the spin and the stick at or near full back. This analysis
is based on the rapidity of the recoveries obtained when ailerons were
moved to full with the spin in conjunction with rudder reversal and on
results of subsequent tests conducted for another loading condition, in
which ailerons were neutralized in conjunction with rudder reversal., It
‘'should be pointed out that the indlcated adverse effect of moving the
center of gravity forward on recovery by rudder reversal alone has also
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been noted on other models with sweptback or delta wings and with mass .
arrangements in which the weight is heavily distributed along the fuselage
as it is on the Douglas A4D-1 airplane,

Although no tests were conducted on the model for the other loading
conditions tabulated in table IIT as being possible on the alrplane with
no external stores installed, analysis indicates that the spin-recovery
characteristics of the airplane for these conditions should be similar
to those for the conditions investigated on the model. That is, for
loadings in which the center of gravity is near the quarter-chord point,
recovery should generally be satisfactory by rudder reversal followed
shortly thereafter by forward movement of the stick. For forward posi-
tions of the center of gravity, however, if spins are entered with ailer-
ons at or near full against the spin, aileron movement to at least neutral
in addition to rudder reversal will be required for recovery.

Erect Spins; Stores Installed

Normal gross weight; horizontal-tail incidence, 4° leading edge up.-
The results of tests made on the model for the normal gross-weight
loading which includes the 1,050-pound center external store (loading 5
in table III) with slats retracted and extended and with the horizontal-
tail incidence set at 4° leading edge up are shown in chart 5. Instal-
lation of the center external store had an adverse effect on the model
spin-recovery characteristics. With slats retracted, the recovery charac-
teristics by rudder reversal alone were considered unsatisfactory on the
basis of the poor recoveries obtained from the criterion spin (elevator
full up and ailerons one-third against the spin, and for recovery, either
rudder or ailerons and rudder moved almost their full travel; as is indi-
cated in the appendix, if recovery requires more than 2% turns for this

control setting and control manipulation, the recovery characteristics

of the airplane are considered unsatisfactory). The recovery character-
istics were improved considerably when simultaneous rudder reversal and
aileron movement to with the spin were employed, but the recoveries were
not considered satisfactory because slow recovery was still possible from
the criterion spin. When the slats were extended, the recoveries obtained
by simultaneous rudder and aileron movement were satisfactory, and although
recoveries were not attempted for this condition by rudder reversal alone,
analysis based on subsequent tests for another loading indicates that rud-
der reversal alone would have been ineffective. It should be noted that
for recovery attempts made by movement of ailerons to with the spin in con-

‘Junction with rudder reversal, the spin often terminated in an aileron

roll, The model results indicate, however, that a roll would be less

‘likely to occur on the airplane if the stick is maintained full back than

for neutral or forward stick positions. The beneficial effect on recovery
of extending slats for the subject model is in agreement with results



given in reference 1, wherein it is shown that such a beneficial effect
may be expected for airplanes loaded relatively more heavily along the
fuselage than along the wings.

Normal gross weight; horizontal-tail incidence, 12° leading edge
down.- The results of tests made on the model for the normal gross-weight
loading (loading 5 in table III) with slats retracted and with the
horizontal-tail incidence at 12° leading edge down are shown in chart 6.
Comparison of charts 5 and 6 indicates that placing 12° leading-~edge-~-down
incidence on the horizontal tail had a favorable effect. In this condi-
tion the model was less prone to spin than it was with the horizontal-
tail incidence at 4° leading edge up; that is, the model would not then
spin when the ailerons were either neutral or with the spin., In addition,
recoveries from the aileron-against spins by aileron movement and rudder
reversal were improved. This is particularly apparent for the criterion
spin, where neutralization of ailerons in conjunction with rudder reversal
leads to satisfactory recoveries. On the full-scale airplane it would
appear desirable to move ailerons to full with the spin to insure recovery.
To avoid recovering into an aileron roll it is advisable to keep the stick
full back until the rotation ceases. On the basis of these tests it is
apparent that the best ingidence of the horizontal tail for spins on the
full-scale airplane is 12% leading edge down.

Alternate gross weight, long range.- The results of tests made on
the model for a loading closely simulating the alternate gross-weight,
long-range loading which includes the center external store plus two full
external fuel tanks (1oading 6 in table III) and with the horizontal-tail
incidence set at 4° leading edge up are presented in chart 7. The data
are presented both for the slat-retracted and the slat-extended conditions.
The results indicate that the spin and recovery characteristics of the
model for this loading were not appreciably different from those obtained
when the center store alone was installed,

Other loading conditions.~ Results of brief tests and analysis indi-
cate that, for the other loading conditions presented in table III which
are possible on the airplane when the 1,050-pound center external store
is installed, satisfactory recoveries should be obtained if the horizontal-
tail incidence is first set'at 12° leading edge down, the slats are
extended, and the following control manipulation is utilized: movement of
ailerons to full with the spin in conjunction with full rudder reversal.
If the larger external center stores are of approximately the same size
and shape as the 1,050-pound center store investigated on the model, the
above recovery procedure should also be satisfactory for the loadings
listed in table IIT which include the larger external center stores.
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Landing Condition

Current military specifications require airplanes to be spin-
demonstrated in the landing condition from only a one-turn (or incipient)
spin, and inasmuch as spin-tunnel test data are obtained for fully devel-
oped spins, the landing condition was not investigated on the model.
Recovery characteristics in the landing condition may be of significant
importance, however, because stall tests of alrplane, generally made
at an altitude in the landing condition early during the flight-test pro-
gram, may result in an inadvertent spin. Analysis indicates that,
although recoveries from fully developed spins may be unsatisfactory
(based on the study presented in ref. 2 of the results of tests of many
models with landing gear and flaps extended and retracted), the Douglas
A4D-1 airplane should recover satisfactorily from an incipient spin in
the landing condition. Therefore, 1f a spin 1s inadvertently entered in
the landing condition at any time, the flaps and landing gear should be
retracted and recovery attempted immediately.

Inverted Spins

The results of the inverted-spin and recovery tests of the model in
the clean condition are presented in chart 8. The order used for pre-
senting the data for the inverted spins is different from that used for
erect spins. For inverted spins, "controls crossed" for the established
spin (right rudder pedal forward and stick to the left of the pilot for
a spin to the right of the pilot) is presented to the right of the chart
and "stick back" is presented at the bottom. When the controls are
crossed in the established spin, the lateral controls aid the rolling
motion; when the controls are together, the lateral controls oppose the
rolling motion. The angle ¢ and the elevator position in the chart are
given as up or down relative to the ground.

Results of the inverted spin tests for the normal loading condition
with center store removed (loading 1 in table III) presented in chart 8
and results of some brief inverted-spin tests with the model in the nor-
mal loading condition with the 1,050-pound center external store installed
(Loading 5 in table III) which are not presented in chart form indicate
that either full rudder reversal or neutralization of all controls should
lead to satisfactory recoveries from inverted spins. To avoid pilot con-
fusion, it is recommended that the latter recovery technique be employed.

Spin-Recovery Parachute Tests

The results of tests made to determine the size of tail parachute
which would give satisfactory recovery if opened during an emergency while
the Douglas A4D-1 airplane is being spin-demonstrated are presented in
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table II. These tests were conducted for the normal loading condition
with the center store removed (loading 1 in table III) and with the rud-
der held with the spin. The results indicate that a T.5-foot-diamter
(1laid-out-flat) flat-type parachute with a drag coefficient of 0.7 and

a towline 30 feet long should be adequate. ©Some other type of tail para-
chute giving equivalent drag could also be used for satisfactory recovery,
Results of an investigation in which both stable and unstable parachutes
were used for spin recovery are presented in reference 3.

Recommended Recovery Technique and Control Forces

The ailerons and rudder will be the most effective controls in pro-
ducing recovery from spins, and the positions of these controls which
lead to most rapid termination of the spins are ailerons full with the
spin (stick full right in a right erect spin) and rudder full against the
spin. Aileron movement to full with the spin should not be required for
all loading conditions on the airplane, however, and where not necessary
it is desirable not to move the ailerons to with the spin to avoid any
possibility of entering an aileron roll after termination of the spin.
On this basis, the recovery procedures recommended for the various
airplane conditions are as follows:

For erect spins entered with no external stores installed on the
airplane, normal control movement should be employed for recovery; that
is, the ailerons should be maintained at or moved laterally to neutral,
the rudder should be moved to full against the spin, and approximately
one-half turn later the stick should be moved forward. Care should, of
course, be exercised not to enter a spin in the opposite direction and
therefore the rudder should be neutralized as the rotation ceases.

With external stores. installed on the airplane, deliberate spins
should be avoided. If erect spins must be deliberately entered with the
center external store or external wing fuel tanks or a combination of
the two installed, the slats should be locked in the extended position,
if possible, and the horizontal-tail incidence should be set at
12° leading edge down prior to entry into the spin. Control manipulation
for recovery should be as follows: Zfully reverse the rudder against the
spin and simultaneously move the ailerons to full with the spin. When
the spinning rotation stops and the airplane begins to glide or begins
to roll with the ailerons, neutralize the stick laterally and move it
forward longitudinally to regain normal flight. During the recovery pro-
cedure it is advisable to keep the stick full back until it 1s obvious
that the alrplane is out of the spin, inasmuch as the airplane should be
less inclined to roll with the ailerons after termination of the spin for
rearward positions of the stick than for longitudinally neutral or for-
ward stick positions. If after applying the recovery procedures recom-
mended previously the airplane shows no indications of recovering from
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the spin, the external stores should be Jjettisoned and recovery should be
reattempted. If a spin is entered inadvertently with external stores
installed, immediate remedial control movement as indicated previously
should be applied to prevent the attainment of a developed spin.

If a spin is inadvertently entered while the flaps or landing gear
are extended, they should be retracted and recovery attempted immediately.

For recovery from inverted spins, all controls should be neutralized.

No consideration has been given to the forces that would be required
1o move the controls for recovery. To assure satisfactory recoveries from
spins, provision should be made to insure that the pilot can move the con-
trols fully and rapidly.

CONCLUSIONS

Based on the results of tests of a 1/20-scale model of the
Douglas A4D-1 airplane in the free-spinning tunnel, the following conclu-
sions regarding the spin and recovery characteristics of the airplane at
an altitude of 15,000 feet are made:

1. The control movement most conducive to recoveries will be simul-
taneous full rudder reversal against the spin and aileron movement to
full with the spin (stick full right in a right erect spin). Aileron
movement to full with the spin should not be required for spin recovery
for all conditions of the airplane, however, and therefore for some con-
ditions it 1s desirable to neutralize the ailerons rather than to move
them to with the spin in order to avoid any possibility of entering a roll
after spin termination. The conclusions that follow indicate the recom-
mended control manipulation for the various airplane conditions.

2. For the normal gross-weight loading without center external store
and with slats extended or retracted, either the airplane will spin in a
steep whipping fashion when the aillerons are at neutral, or the airplane
will not spin. Satisfactory recoveries should be achieved from any spins
obtained by using normal spin-recovery control manipulation: maintain
the stick at or move it laterally to neutral, move the rudder briskly to
full against the rotation, and approximately one-half turn later move the
stick forward. This control manipulation should also lead to satisfac-
tory recoveries for other loading variations when no external stores are
installed on the airplane.

3. Intentional spinning of the airplane with external stores attached
should be avoided. If the airplane must be spun deliberately with the
center external store or wing fuel tanks or a combination of the two
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installed, the slats should be locked in the extended position, if pos-
sible, and the horizontal-tail incidence should be set at 12° leading
edge down prior to entry into the spin. Recovery should be attempted

by simultaneous movement of the rudder to full against the spin and of the

ailerons to full with the spin with the stick maintained full back., If
recovery does not appear imminent after a few turns, the external stores
should be jettisoned and recovery reattempted.

4, For recovery from erect spins the most favorable slat position
will be fully extended, and the most favorable horizontal-tail incidence
will be 120 leading edge down.

5. Extending the dive brakes should have little effect on spins and
recoveries.

6. Neutralizing all controls should lead to satisfactory recoveries
from inverted spins, '

7. A T.5-foot diameter (laid-out-flat) spin-recovery tail parachute
with a drag coefficient of 0.7 and attached with a 30-foot towline will
be adequate to provide satisfactory spin recovery if an emergency arises
during spin-demonstration flights.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., December 28, l95h

Walter J. Kllér

Aeronautical Research 801entlst

Stanley E Scher

Aeronautical Research Scientist
Fneolori K . 7
Frederick M. Healy

Aeronautical Research Scientist

Approved: %; 2 4% "

Thomas A, Harris
Chief of Stability Research Division

DH
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- APPENDIX
114
z ....
ceee METHODS AND PRECISION
=y 1 1)
:::': Model Testing Technigque
.:..
oo The operation of the Langley 20-foot free-spinning tunnel is gener-

ally similar to that described in reference 4 for the Langley 15-foot
free-spinning tunnel except that the model-launching technique is differ-
ent. With the controls set in the desired position, a model is launched
by hand with rotation into the vertically rising air stream. Afiter a num-
ber of turns in the established spin, a recovery attempt is made by moving
one or more controls by means of a remote-control mechanism. After recov-
ery, the model dives into & safety net. The tests are photographed with a
motion-picture camera. The spin data obtained from these tests are then
converted into corresponding full-scale values by methods described in
reference 4.

Spin-tunnel tests are usually performed to determine the spin and
recovery characteristics of a model for the normal spin-control configura-
tion (elevator full up, lateral controls neutral, and rudder full with the
spin) and for various other lateral control and elevator combinations
including neutral and maximum settings of the surfaces. Recovery is gener-
ally attempted by rapid full reversal of the rudder, by rapid full rever-
sal of both rudder and elevator, or by rapid full reversal of the rudder
simultaneously with moving ailerons to full with the spin. The particular
control manipulation required for recovery is generally dependent on the
mass and dimensional characteristics of the model (refs. 5 and 6). Tests
are also performed to evaluate the possible adverse effects on recovery
of small deviations from the normal spin-control configuration. For these
tests, the elevator is set either full up or at two-thirds of its full-up
deflection and the lateral controls are set at one-third of full deflec-
tion in the direction conducive to slower recoveries, which may be either
against the spin (stick left in a right spin) or with the spin, depending
primarily on the mass characteristics of the particular model. Recovery
is attempted by rapidly reversing the rudder from full with the spin to
only two-thirds against the spin, by simultaneous rudder reversal to two-
thirds against the spin and movement of the elevator to either neutral or
two-thirds down, or by simultaneous rudder reversal to two-thirds against the
spin and lateral stick movement to two-thirds with the spin. This control
configuration and manipulation is referred to as the criterion spin, with the
particular control settings and manipulation used being dependent on the mass
and dimensional characteristics of the model.

Turns for recovery are measured from the time the controls are moved
to the time the spin rotation ceases and the model enters a dive or a
vertical aileron roll. Recovery characteristics of a model are generally
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considered satisfactory if recovery attempted from the criterion spin in
any of the manners previously described is accomplished within EE turns.

This value has been selected on the basis of full-scale-airplane spin-
recovery data that are available for comparison with corresponding model
test results.

-v-n+ +hat
L v

T am 1~ 3 al e
i

3 n which a model has a rate o Cc

which can readlly be obtained in the tunnel, the rate of descent is
recorded as greater than the velocity at the time the model hit the safety
net; for example, >300 feet per second, full scale. In such tests, the
recoveries are attempted before the model reaches its final steeper atti-
tude and while it is still descending in the tunnel. Such results are
considered conservative; that is, recoveries are generally not as fast as
when the model is in the final steeper attitude. For recovery attempts
in which a model strikes the safety net while it was still in a spin, the
recovery 1is recorded as greater than the number of turns from the time
the controls were moved to the time the model struck the net, as >3. A
>3-turn recovery, however, does not necessarily indicate an improvement
over a >T7-turn recovery. When a model recovers without control movement
(rudder held with the spin), the results are recorded as no spin.

Aoa
ueo

‘“:i

Ed o
£ ent in excess of
X

For spin-recovery parachute tests, the minimum-size tail parachute
required to effect recovery within 2% turns from the criterion spin is

determined. The parachute is opened for the recovery attempts by
actuating the remote-control mechanism and the rudder is held with the
spin so that recovery is due to the parachute action alone. The para-
chute towline is generally attached to the bottom rear of the fuselage.
The folded spin-recovery parachute is placed on the model in such a posi-
tion that it does not seriously influence the established spin. A rubber
band holds the packed parachute to the model and when released allows the
parachute to be blown free of the model. On full-scale parachute instal-
lations it is desirable to mount the parachute pack within the airplane
structure, if possible, and it is recommended that a mechanism be employed
for positive ejection of the parachute.

Precision

Results determined in free-spimning tunnel tests are believed to be
true values given by models within the following limits:

ct,,deg..............................i’l
R X
Vy, PETCENt ., . v v v v v 4 e e e e e e e e e e e e e e e e 15
Q, PETCENE v v v v v 4 o & & &t o e e e e e e e e e e e e e ... T2
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Turns for recovery obtained from motion-picture records ... . . . . i%
Turns for recovery obtained visually . v v v o v v v o & .« o . . j%

The preceding limits may be exceeded for certain spins in which it
is difficult to control the model in the tunnel because of the high rate
of descent or because of the wandering or oscillatory nature of the spin.

The accuracy of measuring the weight and mass distribution of models
is believed to be within the following limits:

Weight, percent . . . . . . . & ¢ i i 0 i i i ittt h e e 11
Center-of-gravity location, percent T . v v« v v ¢ v ¢ o o & o » « « *1
Moments of inertia, percemt . . . . . . . . . .. L0 0oL ... 15

Controls are set with an accuracy of *1°,

Variations in Model Mass Characteristics

Because it is impracticable to ballast models exactly and because of
inadvertent damage to models during tests, the measured weight and mass
distribution of the A4D-1 model varied from.the true scaled-down values
within the following limits:

Weight, percent . . . . . . . . . . ¢« .+ ¢+ v .. . .0 low to 2 high
Center-of-gravity location, percent T . . v v & & v ¢ ¢ o o o o o ]
Moments of inertia:

Iy, percent . . . . . . . .. . .. ... ... .0 low toh high

Iy, percent . . o . L 0 bl Ll e e e e . + 0 low to 6 high
Iz, percent . . . . . . . . i 0 i it 4 e e e . o1ldlowto3 high

Comparison Between Model and Airplane Results

Comparison between model and full-scale results in reference 7 indi-
cated that model tests accurately predicted full-scale recovery charac-
teristics approximately 90 percent of the time and that, for the remaining
10 percent of the time, the model results were of value in predicting some
of the details of the full—scale spins, such as motions in the developed
spin and proper recovery techniques. The airplanes generally spun at an
angle of attack closer to 45° than did the corresponding models. The com-
parison presented in reference 7 also indicated that generally the air-
planes spun with the inner wing tilted more downward and with a greater
altitude loss per revolution than did the corresponding models.
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TABLE I.- DIMENSIONAT. CHARACTERISTICS OF
THE DOUGLAS ALD-1 ATRPLANE AS SIMULATED

BY THE 1/20-SCALE MODEL

Overall length, ££ . ¢ & ¢ ¢ ¢ ¢ ¢ ¢« o o ¢ ¢ & o ¢ ¢ « o o o &

Wing:

Span, £H ¢« ¢ ¢ o 0 i d i e e e e e e e e e e e s e e e e
Area, 8 £% ¢« ¢ ¢ o ¢ i 0 i h t e e e e e e e e e e
Root chord, in. . . e e s s s s s e e s e ms e s e s s
Tip chord (theoretical), T

T, in. . . .
Longitudinal dista.nce between leading edge of root chord
and leading edge of €, in, . . . .
Aspect ratio . . . . . . . . . 4 .
Taper ratio . . . . . [
Sweepback at 0.25-chord line e e e e e e e e

Dihedral (at trailing edge), deg..
Incidence, deg . + « ¢« ¢ o o ¢ o ¢ ¢ o o « o s o o o o 4 o »

Airfoil section:

ROOL & & & ¢ 4 & o o o o 4 s « o « = o« « « « NACA 0008-1.1-25.
TIP ¢ ¢ o v ¢ ¢ 4 a o o s s o« s o« s « « + » NACA O005-.825-50-

Ailerons:

Area (Both), 8 £t « « @ ¢ v 4 v 4 o v o e e e e e e
Span, pereent B/2 . . i . i i i e e e e e e e e e e e e e
Chord, reaxward of hinge 1ine, in. . « +« ¢« &+ &« ¢ ¢ o o o o &

Slats:
Span, percent B/2 . . v L . 4t e b e e e e e e e e e e e

Horizontal tail:

Span, £5 ¢« o ¢ ot 4t it e e e e e e e e e e e e e e e
Area, s £ . . ¢ 4 0 0 et e it e e e e e e e e e e e
Stabilizer area, forward of elevator hinge line, sq £t . . .
Elevator area, rearward of hinge line, sq £t . . . . . . . .
Sweepback at 0.25-chord 1iIne . o « o ¢ ¢ & & o o ¢ o o o o &
Root chord, in. . . . f e e e e e e s e s s e e e e
Tip chord (theoretlcal), in C 4 et e e e e e e e e e e
Distance from leading edge of wing at root

to leading edge of stabilizer at root, £t . . . . . « . .
Dihedral, G8Z . «. = v ¢ o o o o o o« s » « o o = s s o « o =
Alrfoll section:

.« s e

Root & & & 4 & o 4 4 & 6 o ¢ o o o o o« « o« « o« « s« o+ « NACA
TIP ¢ ¢ ¢ ¢ o 4 ¢ ¢ 4 o o e o o ¢ o o o o s o+ s » « « NACA 0OO0k-.825-50-.06291

Vertical tail:

Span,ft...-......................
Area, sq £t . . . . . . . . . .. S e e e e e s e s e
Fin area (including rudder ba.lance), sq FE e v v e e e
Rudder area, rearward of hinge line, 8qQ fb e « = « o o o.a &
Sweepback at 0.25-chord 1line, dege « « « & o o « « o « &« o«
Root chord, in. . . T O
Tip chord (theoretical), T

Distance from leading edge of wing at root

NACA RM SL55A06

e v e e e . 380k
et e e . 275
e e e s .. 259.8
186
ko
e e e . . . 120.6h
e 4 e e s . 56.36
e e e s e . 2091
e e e .. 0.23
. . . . 33010y
c e e e .. 2,67
e e e e o}

.0875 (.5 x 230)

.0787 (.5 x 230)
e e e e .. 15,97
e e s s s . Uh.5
16
« e e e .. Bh.5
e e e e .. 11.33
e s s« o+ 145.8
.. I I (8
e .. 11.11
4021'54"
IIIIII o
e e e « o . 20.29
e e e e 0
0007-1.1-25-.07651

. s e .

¢ o s s s e s

to leading edge of finat root, £t . . . . . . . . . o 0. . ..

Airfoll section:

.

. T7.87
. 49.95
. b0.75
. 9.2
. k2
. 128.25
. 25
. 1l6.21

ROOL ¢ ¢ ¢ 4 ¢ 4 v o & o ¢ & o a o e o v« e s+ .+« . NACA 0007-1.1-25-.08Th9

TP ¢ o o o o ¢ o o o o o o o o o o s o s s o o o

Sareaw

NACA 000L-.825-50-.06291
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TABLE IT.- SPIN-RECOVERY TATL-PARACHUTE DATA
OBTAINED WITH THE 1/20-SCALE MODEL OF THE
DOUGLAS AlD-1 ATRPLANE

bkﬁel loading 1 in table III. Recovery attempted by opening
tall parachute; right erect spins; horizontal-tail inci-
dence, 4° leading edge up; clean condition. Control setting
for spin: elevator full up, ailerons full against, rudder
full with spin. Model values have been converted to cor-
responding full-scale valuesJ

Parachuée Towline Apzigziﬁize
diameter, length, P drag Turns for Recovery
ft. T coefficient
6.67 30 0.70 >3, >h, Sk, >6
7.50 30 .70 1—&-, 1%, 2,2, 2
8.33 30 7L 1,1, 1, :%, 1%
9.17 30 .73 _i_, 1, 1, 1%, 1;%—
10.0 30 71 EEL., 1, 1%, 12, 2
11.67 30 .69 %, .Z_, 1, 1, 1
12.5 30 .70 .E., .3, 1, 1, 1




TABLE III.- MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR THE LOADINGS OF

THE DOUGLAS ALD-1 AIRPLANE AND FOR LOADINGS TESTED ON THE z]ﬁ-SCALE MODEL

EVa:Lues glven are full scale, and moments of inertia are given sbout the center of gravity; landing gear up; values
cormputed from information presented in refs. 8 and 9.]

Moments of inertim

Center-of-gravity Relative density 9 Mass
Ex:ernnl- . location B (slug-feets)
No. Load! stor Wel I, -1
° Hdine loelteion e(’II.‘E))J x/€ /e 13::1 1?;220 Ix Iy Iy xnb a4
Airplane values
Normal ight i
1| Cwith 5:3:::-'&53. None | 13,313 0.269 | 0.110 2. 33 38.67 | 6149 | 18,200 22,240 )-383 x 1074 |-
remdved
Loading No. 1 with :
2 :enxt:%r Zr gr:vity moved None |13,313| 0.169 | 0.110 2L.33 38.67 | 6149 | 18,100 22,240 |-383 -
forward to 17 percent T
3 u::f:;:e};f;;tor None 13, 800 0.256 0.11, 25.25 L40.13 | 6217 | 18,735 | 22,800 [-386 -
Ext bal Nose . . L -
L czx::g:tign::szth h:n.l None 10,659 0.167 0.079 19.48 30.96 | 6075 | 20,823 25,085 |-589
atores . o -
exberns neavy | None 8,910 | o0.275 | 0.079 16.30 25.91 | 6065 | 18,707 | 22,924 [-603
Normal gross weight
5 t"('1050511: un:.fh Center U,hoo |  0.259 | 0.133 26,31 41,81 | 6551 | 18,943 | 22,683 367 -
store on)
Alternate g‘oz- weight -
6 | oif Taetvicg rematina |Center |26,k20| 0,260 | 0.168 | 29.98 | L7.65|983 | 29,489 23,354 251 -
1050-1b center stors)
,7—7 Doaifn gl{.gﬁtog{gu {1“0’:° Center [12,50k| 0.161 | 0.094 22,85 36.32 | 6h82 | 23,455 | 26,617 578 -
; o - A
\ Tenter store on) hesvy | 00onter (12,50 [ 0.300 [ v.201 [ 22.85 [ 36.32 | 7086 [23,371 | 25,929 Fosh -
. rorent (areeay o | doas | Genter T 010] o0.210 | 0.197 | 36.31 | 57.81 976k | 25,760 | 31,82 [k -
snter stores plus 2
gg?ofu’.mg ttores | aney | st ieng | 19,910 | 0270 | 0.297 | 36.37 | 57.81 |976h |26,525 32,589 [359 -
Alternate gr
9 w:i‘;t.-sog:;lmd Center | 16,600 0.254 0.166 30,37 48.27 | 695l | 20,368 | 23,721 |3kl -
(3250-1b ocenter store on)
Model values
Normel gross weight
1 °:1th g::ﬁ:r':tgge None 13,61 0.259 0.104 24.90 39.57 | 6345 | 18,832 | 22,860 | -390 -
. removed
Loading No. 1 with
2 eartor of p:vity moved None 13,00 | 0.170 | 0.082 23.77 37.77 16387 | 17,67 | 21,822 | -370 -
forward to 17 percent ¥
5 | T n0t e rens btare on) | Conter |66k | 0.262 | 0.228 | 26.78 | L2.56 |62 |19,778 | 23,372 | -382 -
Alternate gross welght -
6 | goms :;:g'tiﬁk:‘:g““ $ulY Genter [16,615 | 0.262 | 0.160 30,37 | U48.27 |96ko | 22,277 | 26,185 | -32) -
1050-1b center store)
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CHART 1.~ ERECT SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL IN THE

NORMAL GROSS-WEIGHT LOADING WITHOUT CENTER EXTERNAL STORE INSTALLED

Model loading 1 in table III; horizontal-tail incidence, 4° leading edge up; recovery
attempted by rapid full rudder reverssl except as indicated (recovery attempted fropm,
and steady-spin data presented for, rudder-full-with spins); spins to.pilot's right

Allerons full with

c,f

c,f

(Stick right)

a,b a,c,d z,d,f
L1 U
75| b
26k 1o, 31 298 >298
29
e L]
1 1 1 1 1
B 7 oI
= »
E i
S % =]
e s
ik AR
Q| o
¥l
ol
>l
3 —
m
a,b b,c,i
App. Allerons fuil against >
298 (Stick left) 298
11 11
pEi g
=]
®
5~
ol o
=
3
éls
“ ~
Ol M
21 o
1K
B
®| 1
~|—
m
2,b b,e,fh1
o| aiu
¢ 55
ggﬁ 0.33 >298
1 1 1
2 3z n

%20scillatory and wandering spin.

bNo—spin condition also observed; model
went inverted.

CSteep apin, recovery attempted before final
attitude.

dHa—lpin condition also observed; model
dived.

°ﬂecovery attempted by reversing rudder from
full with to % against the spin.

rWhipping spin.

ERecovered in a dive.
bRecovered in an aileron roll.
1Wandering spin.

JEntered an aileron roll.

Model values

converted tlo

corresponding

full-scale values.

U inner wing up

D inner wing down

Average or range of
values given.

>298

i

NO SPIN

a
(deg)

@
tdeg)

v
{fps)

Q
{rps)

Turns for
recovery
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CHART 2,- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH
DIVE BRAKES EXTENDED FOR THE NORMAL GROSS-WEIGHT LOADING WITHOUT
' CENTER EXTERNAL STORE INSTALLED

[lodel loading 1 in table IIX; horizontal-tail incidence, hc leading edge up; recovery sttempted
by rapid full rudder reverssl, except as indlcated (recovery attempted from, and stesdy-spin
data presented for, ruddér-full-with spins); erect spinas to pilot's right!

a,b [ c, & b,e, & b, 08
310
&

gg 0.32 ‘ggé >298 >298 >298

a d d d,odied,.d,e
3 2 2 P No SPIN | | &, 3, & 1

-F'!H
£
£
-
N
Al
-

againat

Allerons
10° against

Allerons
Ailerons
5° against

1
3

Elevator full up
(Stick back)

_Ailerons full against Allerons full with
(Stick laft) >298 (Stick right)

|t .

Elevator full down
(Stick forward)

NO SPIN

a A in. a g
Oscillatory and wandering spin (deg) (deg)

bNo-spin condition also obtalned. Model values
converted to

CWnipping and wandering spin. ondin v Q
dRecovery attempted by reversing rudder from full :‘\?\ll‘.xl‘?:gale vfluca. (tps) | (rps)

2
ith to £ againat the spin. U inner wing up
h 3 8 v D inner wing down

®Recovered in a dive, turning slightly to the left. Average or range of

fBoth slow-turning non-osciilatory spin and rapid, values glven.
whipping spin observed; rapid recoveries from both.

ESteep apin, recovery attempted before final attitude.

Turna for
recovery
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CHART 3.~ SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH SLATS EXTENDED
. FOR THE NORMAL GROSS-WEIGHT LOADING WITHOUT CENTER EXTERNAL STORE INSTALLED

Model loading 1l in table III; horizontal-tail incidence, h° leading edge up; recovery attempted

by rapid full rudder reversal (recovery attempted from, and steady-spin data presented for,
rudder-full-with spins); erect spins to pilot's righﬂ

hgw
S Ul

Alilerons full against

-

b,c,d

> 23l

e
e

Elevator full up
(Stick back)

(Stick left)

aSteep, wide radius spin.

Allerons full with

NO SPIN

(Stick right)

Elevavor fuil down
(Stick forward)

bSteep spin; recovery attempted before final

attitude.
CWhipping and wandering spin.
dNo-spin condition also observed.

SEntered a dive, turning slightly in the
direction of the aileron setting.

Model values
converted to
corresponding
full-scale values.
U lnner wing up

D inner wing down

a ]
(deg) | tdeg)

v Q0
(fps) | (rps)

Turns for
recovery
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CEART L.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITE THE
CENTER OF GRAVITY AT 17 PERCENT ¢ WITHOUT EXTERNAL STORES

Model loading 2 in table IIY; horizontal-tail incidence, u.° leading edge up; recovery
attempted by rapld full rudder reversal except as indicated (recovery attempted from and
steady-spin data presented for, rudder-full-with spins); erect spins to pilot's right

Allerons %

s against @ f by
8| &
6| 150
216 [0.43 Agg& >26l 26l
0] O €
1 1 1
3, 8, >9 3 2 gy b3
¢ be
1
1
2’ 4,f
o4
= —
F
Elevator >26k é o
2. i
3 P [ L) Bl
1, %2 g3
g HL
2]
a r £
by | 230
73 | 23D
212*% 0.43 Ailerons full against >298 Allerons full with >29%
(Stick left) (Stick right) < <
>10, >11 i 3 L, 2
b,c be
2 £l
3|2
M
3|8
[
A
o|o
2
o | P
> o
O {~—
~
m
d £ r
App.
é’é’u >264 >298
1 L
>7, >8 31 1, 1
,C b,C
1
3 1 a ]
{deg) | tdeg)
Model values v q
80scillatory and wandering apin. converted to tftps) | (rps)
acovery att ted corresponding ?
¥ empted by simltaneous reversal of full-scale values.
rudder to full against the spin and movement U  inner wing up Turns for
of ailerons to full with the spin. D inner wing down recovery
C€Recovered in an aileron roll. Average or range oI
AWandering spin. values given.
®Recovery attempted by reversing rudder from full

with to % against the apin.

f .
Steep spin; recovery attempted before final
attitude.



CHART S5e¢- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL IN THE NORNAL GROSS-WEIGHT LOADING

(INCLUDES CENTER EXTERNAL STORE) WITH SIATS RETRACTED AND EXTENDED

Elodal loading 5 in table III; horizontal~tail incidencs, 4° leading edge up; recovery attem K
pted by rapid full rudder rever
as indicated (recovery attempted from, and ateady-lpin data pressnted tox'v, ruddsr!rull-tith sp{m)l;J erect apins to pilc

Allerons % agsainst Slats retracted Allerons % against Slats extended
a a 8 I a a | i
53 | 200 T sh| 2ou 52 | 17U 57
761 2k 73| 18 4] 200 5 72| 120
gg 0.35 205 0,36 26l | 0.34 222 o0 gﬁt 0.43| |>294
A d N ° ) b 0
26, >9 >3, >§ 322 NO SPIN & % 1111 % £ H
.; b,g 1) o o .
1 ;1
L ’T#-' jng LE' BE El 8
Tz (i s
, 3 01 e a8
-2' E aa . as
L)
o[ uw 4= 125 160 g3
Elevator 1| 2ep Sl Elevator 6] 13D 231'
2 A 2 256 )
3 up 258 | 0.39 e} 3 up h o3 o
a =3 d h EY » ] . )
ol aou| - | »% »7 T g L
1| 26p " . 7| X
203 | 035 gl 26l 234 0.39
Ailerons full Allerons full
6 against N Allerons full wit] b,c b,c against Aileror
5 > Tstick 1ef%) |2 fr »2| (Stick rigat) NO SPIN R, [T (Seiek Tert) TStL
,3;. bic b,
1 - -
IE, 11;' ss ! 5g §
™ E 1
adie L
Nag ﬁ"a‘g"
a h 1
k51 14U
59| 150
App.
pgsu 234 | 0.36
P3, >l >2 1 NO SPIN
b.c%.b,c 1

40scillatory and wandering apin.

bRecovery attempted by simultaneous reversal of rudder
full with the spin.

CRecovered in an aileron roll.

dRecovery attempted by reversing rudder from full with

°Recovu'y attempted by simultansous reversal of rudder
the spin.

to full ageinst the spin and movement of allerons to

to 2 against the spin.

to’%

against the spin and movement of allerons to % with

Model values
converted to
corresponding
full-scale val
U inner wing:
D ipner wing !
Averags or ran
values give:

fRecovery attempted by simultanecus reversal of rudder to % agsinst the spin and movement of ailerons to full with

the =2pin.
SEnters stesp glide, turning slightly.
h'hippi.ns and wandering spin.
1Enters an sileron roll.
Jstnp spin; recovery attempted before final attitude.
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CHART 6.- SPIN AND RECOVERY CHARACTERISTICS OF THE NCDEL IN
THE NORMAL SROSS-WEIGET LOADING (INCLUDES CENTER EXTERNAL STORE)
) WITH -12° HORIZONTAL-TAIL INCIDENCE
Model loading 5 in table III; horizontal-tall incidence, 12° leading edge down; recovery

attempted as indicated (recovery attempted from, and teady-apin data presented for,
rudder-full-with spins); erect spins to pllotts right

Allerons il againast

a . 3
27 0 hg 3u
5 9D 5 ™
23 252
283 (?.56 278 0.30
b b 3 g
2, 211: 6, = 63 NO SPIN NO SPIN
c,dec,dc,e c,I h 1 }
1,1 .1 1, 1,
1,1, 1 z
iy o} o
1 7 1 A
> F =
. 4z
13
43 | av K]
Elevator 55 6D Py
ol
2
$ e 28 |o-32 @
a k
ti 1,
I H
gzg 0.4y | _Allerons full sgainst Allerons full with .
5b . (Stick left) (Stick rignt)
].‘I, 2, >2& NO SPIN NO SPIN
c,d o,d —~
E, 1 :.g ]
ow &
Lol e
I K
Pedlet O
Da 2y
2a
a k
22 0
6| 7D
23l
28, 0.41
b b
, 2, ¢ NO SPIN NO SPIN
e, ¢,1 e¢,m
1, >34 a $
s 1, (deg) | (deg)
Model values 2
a converted to v
Wandering and slightly oscillatory spin. corresponding (tps) | (rps)
PRecovery attempted by simltaneous reversal of full-scale values.
rudder to full against the spin and movement U inner wing up Turna for
of allerons to neutral. D inner wing down recovery
CRecovery attempted by simultaneous reversal of Aversge or range of
rudder to full against the spin and movement values given.

of allerons to full with the spin.
dRecovered in a short dive followed by an aileron
roll.
®Recovered in a short dive followed by a turn,
fRecovered 1n a dive.

ERecovery attempted by reversing rudder from full with to ageinst the spin.

and movement of ailerons to neutral.

1Recovery attempted by simuléaneoua reversal of rudder to
and movement of ailerons 3 with the spin.

2
3

hRacovex‘y attempted by similtaneous reversal of rudder to % against the spin
—;-lgl.inst; the spin

JEntered a dive.

l"Em;ez-enl an aileron roll.
1Recovered 1n an aileron roll.

Tisual estimate.




CHART 7.~ SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL IN THE NORMAL GROSS-WEIGHT LOADING PLUS
EXTERNAL FUEL TANK STORES (INCLUDES CENTFR EXTERNAL STORE) WITH SLATS RETRACTED AND EXTENDED

Elodel loading 6 in table III; horirontal-tail incidence, h.° leading edge up; racovery attempted by rapid full rudder
except as indicated (recovery attempted from, and steady-spin data presented for rudder-full-with spins); ersct 1

pilct’s right]

Allerons 11 ‘Aglinst Slats retracted l{ Allerons 31 lgninst‘ Slats extended
s ;B 1 J
20 U 61| 6u 60l sU
9| 1éD 63| 9D 72 9p
0 App. App.
26l | 0.39 264 | o42| | >298 NO {SPIN g{ge 0.1 33 13
d d
>7, =13 >3 >9| | 2 2 >3, >l >4, U 3+ ¢
,cl b,c c,; cq c,; »C b,c N
by 2 J'E’ 13 ZE 1, ]2‘
L]
sold 372
278 . »oil o
- | ' .a Cl
§3 | 493
243 é
. n 2
LU 7 su
2§ 12p - 25 9D
Ailerons full Allerons full Aileroxixs full N
258| o.40 sgainst >298 with 258| 0.41 aga |41
> l‘ (Stick left) (Stick right) . (Stick left) (
>6, »9 1&» 11]: .

]%' 13 ' wgl o
O B :
» O
d'd;lz
» |
Ol O
il
okl !
a
B &
2
2& 0.40
>L, >15
»C b,c
2 :

%0scillatory and wandsring spin.

bﬂecovery attempted by simultaneous reversal of rudder to full aglinat the spin and movement of ailerons
to full with the spin.

CRecovered in an aileron roll.

dﬂocovox‘y attempted by reversing rudder from full with to 2 against the spin.

°Recovory attempted by simmltaneous reverssl of rudder to "2 against the spin and movement of ailerons to
3 with the spin. 3

rSt:up sloweturning wide-radius spin.

EEnters a steep dive, then turns with a whip due to ailerons.
hsteap spin, recovery attempted before final attitude.
1511ghtly oscillatory.

JWlndering spin.

Elevator
full down
(Stick

forward)

Model values
converted to
corresponding
full-scals va
U inner wing
D inner wing
Average or rs

values glv
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CHART 8.~ INVERTED SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL IN THE
NORMAL GROSS-WEIGHT LOADING WITHOUT CENTER EXTERNAL STORE INSTALLED

@odel loeding 1 in table III; horizontal-tail incidence, }° leading edge up with respect
to fusslage reference line when airplane is In erect attitude; recovery attempted by
rapid full rudder reversal except 8s indicated (recovery attempted from rudder-full-with

spins); spina to pilot's righi]
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aSlow, wandering spin.
DNo-spin condition alsc observed, model entered a dive, turning

a
(deg) (dgg)

v Q2
(fps) | (rps)

slightly in the direction of the aileron setting. Turns for
®No recoveries attempted by rudder reversal but based on results recovery

obtained when launched with rudder set to oppose the spin

rotation, 1t appears that rudder reversal should lead to rapid

terrination of the spin and a subsequent roll in the direction Model values

of the alleron setting. converted to
dEntered an inverted dive. corresponding
e full-scale values.
Entered an aileron roll. U inner wing up
fWandoring spin. D inner wing down
ENo-spin condition also observed, model entered an aileron roll. Average or rangs

bgntered a vertical dive.

i05clllatory, whipping, and wandering spin.

JRecovered in an aileron roll.

Recovery attempted by rudder neutralization.
lRecovered in a dive.

MSteep spln, recovery attempted before final attitude.

of values given.
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Figure 1.- Three-view drawing of the l/20—scale model of the Douglas
MD-1 airplane. Center-of-gravity position indicated is for normsl
gross~-weight loading with center store removed.
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Figure 2.~ Size, shape, and position of center external store invest:
on model.
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Figure 5.- Size, shape » and location of external wing fuel tanks
investigated on model.
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Figure L.- Photograph of the 1/20-scale model of the Douglas ALD-:
alrplsne in the clean condition.
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Figure 5.- Photograph of the l/20—sca.le model of the Douglas ALD-1
airplane with slats extended and external wing fuel tanks instal.



